than the medium-level echogenicity of the strap muscles, the specificity for detection of malignancy is increased to 94%, although the sensitivity is reduced [6] . Thus, markedly hypoechogenicity in thyroid nodules is highly suggestive US feature for papillary thyroid carcinoma (PTC).
It had been observed that some cystic nodules change morphologically with marked hypoechogenicity on US, becoming difficult to distinguish from PTC, during follow-ups in clinical practice (Fig. 1) . The aim of this study was to evaluate the clinical implications of the change of benign cystic nodules to malignancymimicking features in US and to determine US characteristics differentiating benign cystic nodule with malignancy-mimicking features from PTC. strap muscles. A nodule with a taller than wide shape was defined as being greater in the anteroposterior dimension than the transverse dimension. A purely cystic and a predominantly cystic nodule were defined as possessing a cystic component of > 90% and > 50%, respectively.
Informed consent was obtained from each participant at the time of surgery or fine-needle aspiration. This retrospective review protocol was approved by the Institutional Review Board at Pusan National University Hospital.
Statistical analysis
All statistical analyses were performed with SPSS version 12.0 (SPSS, Chicago, IL). The statistical difference between groups was assessed using the Mann-Whitney U test. The χ 2 test or Fisher exact test was performed to analyze categorical data as appropriate. A p value of < 0.05 was considered statistically significant.
Results
Twenty-six patients (22 women, 4 men; age range, 17-77 years; median age, 53.5 years) were included in this study ( Table 1) . The median interval between initial diagnosis of cystic nodule and the appearance of suspicious US features was 15.4 months (range, 5.7-93.7 months). Of 26 patients in the benign cystic group, 17 (65.4%) initially represented a predominantly cystic nature in US.
As shown in Kim) reviewed the US imaging blinded to the final diagnosis. The US characteristics we used in this study were based on previously defined criteria for discriminating malignant from benign nodules [6] . A markedly hypoechoic echogenicity was defined as a decreased echogenicity compared with the surrounding 39.5% and the specificity was 88.5%. Of 7 patients with internal echogenic dot in the benign cystic group, all had echogenic dots > 1 mm without posterior acoustic shadowing (Fig. 3A) . However, all of the 6 patients with echogenic dots in the PTC group had echogenic dots < 1 mm without posterior acoustic shadowing (Fig. 3B) .
As an additional US finding, there was no significant dot and vascularity were not significantly different between the 2 groups. The nodule shape was significantly different between the 2 groups (P=0.002) with a lower prevalence of taller than wide shape in the benign cystic group (11.5% vs. 39.5%, P=0.022) (Fig.  2) . The sensitivity for predicting the papillary thyroid carcinoma in cases with taller than wide shape were found 100%, 12.5%, 12.5% and 0% of spontaneous observation group (n=8), respectively. There were no significant differences in the US characteristics such as shape, margin, echogenic dot and vascularity depending on aspiration of the colloid component during follow-up of cystic benign nodule. In addition, the US characteristics of only spontaneous observation group were not significant different from those of PTC group. The US features of cystic nodules during follow-up were not significantly different between patients with and without levothyroxine suppression therapy. difference between the 2 groups in coexisting thyroid nodule(s). However, other coexisting cystic nodules were more frequently observed in benign cystic group (48.3% vs. 5.3%, P=0.001).
In cystic benign group, aspiration of the colloid component was performed on 18 patients (69.2%), and levothyroxine was prescribed to 11 patients (42.3%) for suppressing the nodule. The change of size in cystic nodules was greater after aspiration of the colloid than spontaneous observation (2.0 ± 0.7 vs. 1.1 ± 0.4 cm, P=0.001). Ill-defined margin, taller than wide shape, echogenic dot and intranodular blood flow were be due to a centrifugal tendency in malignant tumors, which does not necessarily occur at a uniform rate in all dimensions [11] . The growth of most benign nodules has been found to remain within the normal tissue plane, whereas malignant nodules grow across the normal tissue plane [12] . In this study, this specific appearance of malignant nodules was less frequently observed in the benign cystic group. It is probable that these benign nodules resulting from the shrinkage of cystic nodules would not grow across the normal tissue plane. Microcalcification due to calcified psammoma bodies within the nodule is seen in 25%-40% of PTC cases, which is one of the most specific features of thyroid malignancies [11] . In US, microcalcification appears as a punctuate hyperechoic focus without posterior acoustic shadowing [13] . In this study, some PTC patients revealed small sized hyperechogenic dots in US, suggesting microcalcification. There was no significant difference in the prevalence of internal echogenic dots between the 2 groups. However, the benign cystic group had relatively larger echogenic dots compared with the PTC group. The echogenic foci in the benign cystic group were thought to represent debris composed of cellular debris, cholesterol and keratin.
Although the presence of multiple nodules should never be dismissed as a sign of benignity, the probability of malignancy of multiple cystic nodules in US is very low [14] . The multiple thyroid nodules were frequently observed in both cystic benign group and PTC group, whereas other cystic nodules except primary nodule were more frequently found in benign cystic group in this study.
The results of this study are subjected to some limitations. The final diagnosis of cystic nodules in our study was confirmed by cytology with fine needle aspiration, but not by pathology with surgery. A cystic component occurs in some papillary thyroid carcinomas, although cystic carcinomas are rare and account for only 6% of all malignancies [13] . It was also reported that some cystic carcinomas have a solid component with vascularity, solid excrescences producing into the cyst or microcalcification, which may differentiate a malignant nodule from a benign cystic nodule [13, 15] . Thus, we excluded predominantly cystic nodules with these US findings. In addition, purely or predominantly cystic appearance included in our study is rarely observed in malignant nodules. However, the pathologic evaluation or further follow-up of these cystic nodules is required for diagnostic accuracy and implication
Discussion
The results of this study showed that some cystic nodules with morphological changes had US findings similar to PTC including marked hypoechogenicity and ill-defined margins during follow-ups. However, a nodule that was taller than wide was less frequently observed in the benign cystic group. In addition, internal echogenic dot > 1 mm without posterior acoustic shadowing and the presence of other coexisting cystic nodule may give us a clue in discriminating benign cystic tumors from PTC. Malignancymimicking features in benign cystic thyroid nodules with follow-up US after percutaneous ethanol injection or colloid aspiration have been reported [7, 8] . About 80% of the benign cystic nodules decreased in size or disappeared when they were examined 9 to 11 years later [9] . It has not been reported whether benign cystic nodules have malignancy-mimicking features in US after simple percutaneous aspiration or during the natural course.
Recently, a previous study was reported that benign cystic nodules after aspiration could have suspicious malignant features [8] . They reported that shadowing and a halo is only characteristic finding of benign cystic nodule. The previous study, which is insisting the resembling meaning on US examination with our study, had some different study design and results from our study. In our study, only nodules with marked hypoechogenicity were enrolled as our study cohort, which is main feature mimicking PTC on US. In addition, we also observed that some benign cystic nodules showed ambiguous features during their natural course without aspiration. For these reasons, it could be explained the discrepancy between 2 studies in US characteristics regarding to discriminating the benign cystic nodule from PTC.
Many studies have shown hypoechogenicity to be a finding suggestive of malignancy [10] . Hypoechogenicity in US is thought to result from increased cellularity and cellular compaction seen in PTC. Marked hypoechogenicity is strongly suggestive of malignancy [6] , and this nature was also observed in benign cystic nodules in this study from its shrinkage. This feature occurred not only from the change after artificial aspiration of colloids but also during the natural course of cystic nodules.
Thyroid nodules which are taller than wide have a 93% specificity for malignancy [6] . This is thought to between benign cystic nodules with morphological changes mimicking malignancies and small PTC with marked hypoechogenicty.
